In this paper the authors have studied the properties of zeolite and montmorillonite doped with the nickel and cobalt cations in the removal of SO 2 from the combustion gases process based on the DESONOX method. Burning coal from the hard coal from the Silesian Coal Basin mine "Julian" and the Lubelskie Coal Basin mine "Bogdanka" with supports only -did not show any reduction of the SO 2 emission in the combustion gases.
INTRODUCTION
In general terms, any coal is characterized by its rank, the petrographic composition and the mineral matter content. The coals in a coal seam are classified according to the set three main parameters, i.e., rank, type and grade. In Poland the main coal basins are located in the Upper Silesia area and the Lublin Region. The yield place of hard coal has an important role in its characterization. The combustion process leads to the production of gaseous and volatile pollutants, such as NO x , SO 2 , polycyclic aromatic hydrocarbons PAH, alkyl PAH, a range of oxygenated compounds including phenols, aldehydes and ketones, oxygenated and nitrogenated polycyclic aromatic compounds, polycyclic aromatic sulphur hydrocarbons and common volatile organic compounds. The emissions of these pollutants pose an important problem. Many techniques and methods are used for the removal of the toxic substance from the combusted gases.
In the presented paper the authors described the method of a decrease of the gaseous pollution -sulphur dioxide from the combusted gases after hard coal burning. The desulphurization of the solid fuels is one of the main ways of decreasing the environmental impact of their combustion products. Desulphurization of coals has been investigated by an application of mechanical, electrostatic, magnetical, biological and chemical methods 1 . The DeSONO x type catalyst causes the lowering of sulphur dioxide emission from the exhaust coming from the combustion of the solid fuels 3, 4 . The microporous materials, such as zeolite or minerals, e.g. modified montmorillonite, can be used as the starting materials as the supports of the DeSONO x type catalyst.
The main aim of paper is the comparison of the DESOX activity of the prepared catalysts based on the modified montmorillonite and zeolite doped with a transition metal combusted with two types of hard coal from the Silesian Coal Basin mine "Julian" and the Lubelskie Coal Basin mine "Bogdanka", characterized by different factors, for examples: a total sulphur content or the heating value.
EXPERIMENTAL

Hard coal combustion with the DESONOX type catalysts use
In this method hard coal from the Silesian mine "Julian" and the Lubelskie Coal Basin "Bogdanka" from Poland were burnt with or without the catalysts using a flow reactor. The concentration of sulphur dioxide in the combustion gases was measureds with the use of the VARIO PLUS exhaust analyzer. The mass ratio of the DESONOX catalyst added to the investigated samples of the hard coal was 1:500. The hard coal (without any addition) and the hard coal with the catalyst addition were burnt in an atmosphere of air at 1123 K for 4 hours and using an electric furnace. The total SO 2 amount emitted during the combustion process of hard coal with the catalyst was calculated by the integration of C(SO 2 ) = f(t) curve using the trapezium rule with the use of PC. Additionally, sulphur concentration in the samples of coal ashes, which included the DESONOX catalysts was determined by the XRF method in the Analytical Laboratory of Chemistry Faculty of UMCS. The hard coal uncombustionables degree was calculated on the sample weight before and after burning.
Hard coal
The different characteristic factors of hard coals from the "Julian" and "Bogdanka" mines are described in Table 1. A hard coal Julian was characterized by the two times smaller total sulphur content than the Bogdanka coal. The heating value of the Julian coal is bigger about 30% than for the Bogdanka coal.
Catalysts
Transition metals such as nickel based on mineral (montmorillonite, denoted M) and synthetic (zeolite, denoted Z) aluminasilicates were used as active materials in the DESONOX method. . Nickel and cobalt ions were impregnated respectively from nitrates(V) of nickel (II) and nitrate(V)of cobalt(II) by four different methods: wet impregnation (WI), classical adsorption from water solution (CIM), modified classical adsorption -from water-saccharose solution (CIMSA) and a double-impregnation method with the EDTA solution (DIM). Denotation of the exemplary sample Z-Ni-WI is defined by the catalyst based on zeolite introduced with nickel impregnated by the wet-impregnation method, M-Co-CIMSA is defined by the catalyst based on montmorillonite doped with nickel introduced by the modified classical adsorption -from the water-saccharose solution of cobalt(II) nitrate(V). Table 2 summarized the denotation of the samples with the concentration of the active material [wt. %] measured by the XRF method.
RESULTS AND DISCUSSION
The catalytic process of the removal of SO 2 from the combustion gases takes place on the grain plane of hard coal. This process is competitive compared to the classical desulphurization processes. Fig. 1 presents the SO 2 removal degree [%] in the combustion exhaust gases from burning of hard coal JULIAN with the addition of exemplary catalysts.
As it may be seen, the catalysts with nickel as the active material are better than the catalysts with cobalt. The sulphur dioxide degree of the catalyst based on zeolite doped with nickel ions introduced by wet-impregnation method is the best of the studied catalyst (97%). The smallest sulphur dioxide degree presents the catalyst based on montmorillonite doped with cobalt ions introduced by the wet-impregnation method.
Bigger differences of catalysts activity may be seen for the "Bogdanka" combustion test (see Fig.2 ).
The studied catalytic tests my be summarized as follows:
-the addition of DESONOX catalyst (the coal to catalyst mass ratio 500:1) containing nickel results in the retention of SO 2 in the ashes within the range from 75% to 92%. -the addition of DESONOX catalyst (the coal to catalyst mass ratio 500:1) containing cobalt results in the retention of SO 2 in the ashes within the range from 32% to 80%.
-for the catalysts with montmorillonite supports the degree of sulphur removal is smaller than for the catalysts based on zeolite, -burning coal from the "Julian" or "Bogdanka" mines with supports -montmorillonite and zeolite did not show any reduction of SO 2 emission in the combustion gases, -The hard coal uncombustionables degree in the samples with the DESONOX catalysts is contained between 14,0 and 16,0%.
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